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Background and Objective: An increasing number of cases of neonatal sepsis due to extended-spectrum beta-lactamase (ESBL)- 
producing multi-drug resistant (MDR) Escherichia coli (E. coli) have been reported worldwide. The aim of this study was to explore 
the risk factors associated with ESBL-producing MDR E. coli among neonates with culture-confirmed E. coli sepsis and thereby to 
help selection of appropriate empirical antibiotics.
Patients and Methods: All newborn infants with a confirmed pathogen isolated from blood or cerebrospinal fluid (CSF) from 2016 
to 2021 were identified and those with E. coli infection were included in this analysis. We compared a group of neonatal patients with 
ESBL-producing MDR E. coli sepsis (n=69) to a group with ESBL-negative E. coli (n=70) based on antimicrobial susceptibility 
reports. We used multivariable regression analysis to determine the risk factors associated with ESBL-producing MDR E. coli strains 
among the neonates with culture-confirmed E. coli sepsis.
Results: ESBL-producing MDR E. coli sepsis was more common in premature infants and newborns with hospital-acquired late-onset 
sepsis (HALOS). The mortality rate of neonatal sepsis caused by ESBL-producing E. coli was about twice as that of sepsis caused by 
ESBL-negative E. coli. Antepartum exposure to cephalosporins (OR=25.191, 95% CI: 3.184–199.326, P<0.01) and parenteral 
nutrition for more than 1 week (OR=4.495, 95% CI: 2.009–10.055, P<0.01) were independent risk factors for neonatal infection 
with ESBL-producing stains among infants with E. coli sepsis.
Conclusion: E. coli remains the most common Gram-negative bacterial pathogen causing neonatal sepsis. A higher proportion of ESBL- 
producing MDR E. coli is seen in premature infants and those newborns with HALOS and is associated with higher mortality. Antepartum 
use of cephalosporins and prolonged use of parenteral nutrition may be important factors to consider in the selection of empirical antibiotics 
for use in neonatal sepsis caused by gram-negative rods prior to the availability of the results of antimicrobial susceptibility.
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Introduction
Neonatal sepsis is a major cause of neonatal mortality and therefore a significant global health issue. The reported incidence of 
neonatal sepsis is about 1–4%,1 with a higher incidence being reported in developing countries.1,2 To reduce neonatal 
mortality and long term adverse consequences caused by bacterial infection, it is vital to select appropriate empirical 
antibiotics when a neonatal infection is suspected. In most developing countries, including China, Escherichia coli (E. coli) 
is usually the leading pathogen in neonatal sepsis,2–7 especially in premature infants.1,8–10 E. coli plays an important role in 
causing both early-onset sepsis (EOS) and late-onset sepsis (LOS).3,6–8,11–14 E. coli is also one of the most common 
pathogenic bacteria causing neonatal bacterial meningitis.15–17 Neonate with E. coli meningitis can have adverse nervous 
system sequelae, which is an important cause of poor long-term prognosis of newborns with E. coli sepsis.
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Selection and timely administration of antibiotics to which the bacteria is sensitive to has important clinical 
significance for improving the prognosis of neonates with bacterial infections. The first-line empirical antibiotic regimen 
should be selected to cover E. coli and other common local pathogens based upon their historical antimicrobial sensitivity 
patterns. Recently, increasing reports show that the proportion of multi-drug resistant (MDR) E. coli is rising,6,18,19 which 
brings big challenges to clinicians. Our recent meta-analysis based on a systematic review of the published studies in the 
Chinese literature demonstrates that in newborn infants hospitalized in Chinese NICUs, roughly 50% of all E. coli 
bloodstream isolates, whether early or late onset, are MDR due to extended spectrum beta-lactamase (ESBL) 
production.20 We have further demonstrated that ESBL-producing MDR E. coli has emerged as the major pathogen 
responsible for EOS, particularly in preterm infants.5

The main mechanism of MDR gram-negative Enterobacteriaceae such as E. coli is ESBL production.21,22 In 
neonatal intensive care units (NICUs) with a high prevalence of ESBL-producing Enterobacteriaceae infections, 
carbapenem antibiotics are usually selected for gram-negative bacterial infections before antimicrobial susceptibility 
test results are available. The abuse of carbapenem antibiotics has led to the emergence of carbapenem-resistant 
Enterobacteriaceae (CRE) which may be resistant to all available antibiotics.23 Therefore, it is urgent for most NICUs 
to have an antibiotic stewardship program to reduce the abuse of broad-spectrum antibiotics. In the current study, we 
compared the clinical characteristics of a group of hospitalized neonates with culture-confirmed ESBL-producing 
E. coli sepsis with a group infected with ESBL-negative E. coli in order to determine the potential risk factors 
associated with ESBL-producing MDR E. coli infection among the neonates with confirmed E. coli sepsis. These 
results may inform the selection of appropriate empirical antibiotics before antimicrobial susceptibility results are 
available in the future.

Materials and Methods
Data Collection
This is an observational cohort study based on prospectively collected data on infants with positive blood culture results 
from the Second Affiliated Hospital and Yuying Children’s Hospital of Wenzhou Medical University. Starting in 2016, all 
infants with a positive blood or cerebrospinal fluid (CSF) culture have been recorded in our specific neonatal sepsis 
database. For the current study, all infants with a confirmed pathogen isolation from blood or CSF from 2016 to 2021 
were identified and those with E. coli infection were included in the study for further analysis.

The detailed medical history and relevant clinical data of neonates with confirmed E. coli sepsis were retrospectively 
retrieved from the hospital electronic medical records. The information collected includes basic demographic informa
tion, perinatal factors, antimicrobial susceptibility tests, and pre-infection conditions. If a patient had multiple positive 
cultures during hospitalization, only the first result was included to avoid overrepresentation. Cases with incomplete data 
were excluded. EOS with E. coli is defined as the presence of E. coli grown from blood or CSF in cultures drawn in any 
newborn infant within 72 hours of birth. LOS is arbitrarily further divided into community acquired and hospital- 
acquired. Community acquired late-onset sepsis (CALOS) with E. coli infection is defined as the isolation of E. coli from 
blood or CSF from outpatients >72 hours after birth or inpatients >72 hours after birth and within 48 hours of re- 
admission into hospital. Hospital-acquired late-onset sepsis (HALOS) with E. coli infection is defined as the isolation of 
E. coli from blood or CSF from hospitalized infant >72 hours after birth. The definition of previous antibiotic use was 
that antibiotics were administered intravenously for more than 48 hours prior to culture collection. The Institutional 
Ethics Committee of the Second Affiliated Hospital and Yuying Children’s Hospital of Wenzhou Medical University 
approved the study protocol. A waver for parental consent to review medical records was granted by the Institutional 
Ethics Committee. The handling of the patient data confidentiality strictly followed the rules set by the institution and 
were in compliance with the Declaration of Helsinki.

Bacterial Identification and Antimicrobial Susceptibility Testing
The clinical laboratory in our hospital employs routine microbiological tests according to the standard set by the Clinical 
& Laboratory Standards Institute (CLSI, USA). Bacterial identification was accomplished using a MALDI-TOF/MS 
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mass spectrometer (Bruck, Germany). Bacterial drug sensitivity testing was conducted using the Vitek2 Compact 
automated drug susceptibility analyzer (Mérieux, France) or disk diffusion method (30ug, British OXOID). The Gram- 
Negative Susceptibility card (BioMerieux, France) was utilized to determine antibiotic susceptibility of bacterial isolates. 
ESBL-producing strains were identified by the double-disk synergy method.24 Results were interpreted following the 
recommendations and definitions of the CLSI.

Statistical Analysis
Statistical analysis and production of graphs were performed using SPSS Statistics (version 24; IBM Corp, Armonk, NY) 
and GraphPad Prism (version 9.0; GraphPad Software, La Jolla, CA, USA), respectively. The normality of continuous 
variables was tested using the Kolmogorov–Smirnov test. Normally distributed data were presented as the mean ± 
standard deviation (M±SD) and were analyzed using the Student’s t-test. Non-normally distributed data were described 
as median (25–75 percentile) and were analyzed using the Mann–Whitney U-test. Homogeneity test was used to check 
whether the variance of the data is homogeneous. For more than two groups, analysis of variance (ANOVA) was used for 
normal and homogeneous data, and Kruskal–Wallis H-test was used for non-normal data. When ANOVA results 
identified the statistical difference among the groups, post hoc tests were used to determine the significance between 
the particular pairs of means. Categorical variables were compared using the chi-square test or Fisher’s exact test. The 
level of significance was set at P < 0.05. Multivariable logistic regression was conducted to determine the risk factors 
associated with infection by an ESBL+ strains in neonates with confirmed E. coli infection. All relevant variables 
significantly associated with ESBL+ strains in the univariate analysis were entered into the model. A stepwise selection 
was used with an alpha-to-enter and alpha-to-exit set at 0.10 and 0.05, respectively. The odds ratio (OR) and 95% 
confidence intervals (CIs) were reported.

Results
During the study period, a total of 21,439 newborns were admitted to the NICU of the Second Affiliate Hospital and 
Yuying Children’s Hospital of Wenzhou Medical University, of which 233 were diagnosed with gram-negative bacterial 
sepsis. Of the 233 cases, 141 (60.5%) were confirmed to be E. coli sepsis. After careful review of the cases, 2 patients 
were excluded due to incomplete data, and the remaining 139 cases were included in the analysis. Among these, 69 cases 
were reported to be ESBL-producing and 70 cases were reported to be ESBL-negative E. coli, as shown as flow diagram 
in Figure 1.

Figure 1 Screening flowchart of research subjects.
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Of the total 139 strains of E. coli identified from the blood or CSF samples sent from the neonates in our NICU from 
2016 to 2021, the proportion of ESBL producing E. coli among all E. coli isolates each year is presented in Figure 2. It 
fluctuated and decreased to the lowest value of 31.6% in 2019. Since then, the proportion of ESBL-producing strains has 
gradually increased, rising to 66.7% in 2021.

Based on the timing of initial culture and hospitalization status, all enrolled patients were divided into EOS, CALOS 
and HALOS groups for further analysis. As shown in Table 1, the gestational age and birth weight of infants in the 
CALOS group were significantly higher than those in the other two groups, while the proportions of in vitro fertilization 
(IVF), multiples and prolonged rupture of membrane (PROM) in the HALOS group were significantly higher than that in 
the other two groups (P<0.05). While all E. coli strains isolated from enrolled patients were still sensitive to Amoxicillin/ 
clavulanic acid, amikacin, and carbapenem, the proportion of ESBL-producing stains was significantly higher in the 
HALOS group, and as the results, the antimicrobial resistance rates to gentamycin, ceftriaxone, ceftazidime and cefepime 
were also significantly higher in the HALOS group (Figure 3).

Comparisons of the basic clinical characteristics between the ESBL-producing and ESBL-negative groups are 
presented in Table 2. As shown in the table, the birth weight and gestational age (GA) of children in ESBL-producing 
group were significantly lower than those in ESBL-negative group (P<0.05). There were no statistically significant 
differences between ESBL-producing and ESBL-negative groups in gender, mode of delivery, multiple births, maternal 
diabetes, maternal chorioamnionitis, low Apgar scores, EOS ratio, and exclusive breastfeeding (P>0.05). However, the 
proportion of pregnant women with age >35y, use of prenatal antibiotics, IVF, PROM, proportion of HALOS, and 
antepartum cephalosporins use in the ESBL-producing group were significantly higher than that in the ESBL-negative 
group (P<0.05). The proportion of CALOS in ESBL-producing group is lower, while that of HALOS is higher (P<0.05). 
Characteristics prior to infection indicated that babies in the ESBL-producing group had longer hospitalization prior to 

Figure 2 The proportion of ESBL+ in all E. coli isolates from 2016 to 2021.

Table 1 The Basic Clinical Characteristics of the Three Types of Neonatal E. coli Sepsis

Characteristics EOS  
(n=24)

CALOS  
(n=58)

HALOS  
(n=57)

P-value

Gestational age (weeks), M (IQR) 33.2(28.5–37.2) 39.3(37.1–40.1) 30(28.3–32.7) 0.000

Birth weight (kg), M (IQR) 1.87 (1.19–3.03) 3.33 (2.92–3.70) 1.46 (1.07–1.96) 0.000
Male, n (%) 12 (50.0) 39 (67.2) 40 (70.2) 0.204

Caesarean, n (%) 5 (20.8) 17 (29.3) 15 (26.3) 0.730

Multiples, n (%) 2 (8.3) 2 (3.4) 12 (21.1) 0.011
IVF, n (%) 4 (16.7) 1 (1.7) 8 (14.0) 0.031

Maternal Age >35 y, n (%) 6 (25.0) 7 (12.1) 14 (24.6) 0.179
Antepartum cephalosporins >1d, n (%) 7 (29.2) 1 (1.7) 14 (24.6) 0.001

PROM, n (%) 12 (50.0) 7 (12.1) 22 (38.6) 0.000

Abbreviations: IQR, interquartile range; IVF, in vitro fertilization; PROM, premature rupture of membranes; EOS, early-onset 
sepsis; CALOS, community-acquired late-onset sepsis; HALOS, hospital-acquired late-onset sepsis.
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infection, were more likely to have central lines, had greater use of antibiotics, were more likely to be on mechanical 
ventilation, and more often receiving parental nutrition for greater than 1 week. For clinical complications and outcomes, 
the mortality of ESBL-producing group was significantly higher than that of ESBL-negative group, but there was no 
significant difference in the proportion of children with meningitis, septic shock between the two groups (Table 3).

Figure 3 Antimicrobial resistance rate of E. coli isolated from three different types of neonatal sepsis. *P < 0.05.

Table 2 Comparison of the Basic Clinical Characteristics Between the Two Groups

Characteristics ESBL (+)  
(n=69)

ESBL (-)  
(n=70)

χ2/t P-value

Gestational age (w), M (IQR) 30.9 (28.6–37.1) 38 (34.1–40.0) 0.000

Birth weight (kg), M (IQR) 1.68 (1.21–2.88) 3.05 (2.10–3.51) 0.000

Male, n (%) 44 (63.8) 47 (67.1) 0.175 0.676
Caesarean, n (%) 21 (30.4) 16(22.9) 1.021 0.312

Multiples, n (%) 11 (15.9) 5 (7.1) 1.950 0.163

IVF, n (%) 10 (14.5) 3 (4.3) 4.270 0.039
Maternal age >35 y, n (%) 18 (26.1) 9 (12.9) 3.886 0.049

Maternal diabetes, n (%) 10 (14.5) 8 (11.4) 0.289 0.591

Antepartum cephalosporins >1d, n (%) 21 (30.4) 1 (1.4) 21.945 0.000
Maternal chorioamnionitis, n (%) 8 (11.6) 8 (11.4) 0.001 0.976

Apgar −1’or 5’<8, n (%) 16 (23.2) 10 (14.3) 1.811 0.178

PROM, n (%) 26 (37.7) 15 (21.4) 4.414 0.036
Age at infection (d), M (IQR) 10 (7–19) 11 (4–19) 0.718

EOS, n (%) 11 (15.9) 13 (18.6) 0.168 0.682

CALOS, n (%) 18 (26.1) 40 (57.1) 13.783 0.000
HALOS, n (%) 40 (58.0) 17 (24.3) 16.229 0.000

Characteristics prior to infection

Hospitalization days, M (IQR) 7 (0–16) 0 (0–5) 0.000

(Continued)
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To determine the risk factors associated with an ESBL-producing strain among all infants with confirmed E. coli 
sepsis, a multivariate logistic regression analysis was conducted. All relevant variables with P<0.1 in univariate analysis 
were included in the model. As shown in Table 4, antepartum exposure to cephalosporins (OR=25.191, 95% CI: 3.184– 
199.326, P=0.002) and parenteral nutrition for more than 1 week (OR=4.495, 95% CI: 2.009–10.055, P=0.000) were 
independent risk factors of neonatal infection with ESBL-producing stain among infants with E. coli sepsis. In this 
multivariate logistic regression model, all other variables included in the model appear to be covariates and, therefore, 
not independent risk factors with statistical significance.

Table 3 Comparison of Clinical Complications and Outcomes 
Between the Two Groups

Characteristics ESBL (+)  
(n=69)

ESBL (-)  
(n=70)

χ2 P-value

Meningitis, n (%) 12 (17.4) 20 (28.6) 2.451 0.117

Septic shock, n (%) 10 (14.5) 4 (5.7) 2.956 0.086

Death, n (%) 17 (24.6) 8 (11.4) 4.110 0.000

Table 4 Logistic Regression Analysis of Risk Factors for Neonatal MDR E. coli Sepsis

β SE Wald P value OR 95% CI

Antepartum cephalosporins >1d 3.226 1.055 9.347 0.002 25.191 3.184–199.326

Parenteral nutrition>1 w 1.503 0.411 13.385 0.000 4.495 2.009–10.055
Male 0.228 0.474 0.232 0.630 1.257 0.496–3.181

Gestational age 0.114 0.128 0.785 0.376 1.121 0.871–1.442

Birth weight −0.27 0.651 0.182 0.670 0.758 0.211–2.715
Caesarean 0.015 0.503 0.001 0.976 1.016 0.379–2.721

Multiples 0.397 0.722 0.302 0.582 1.448 0.361–6.131

IVF 0.128 0.923 0.019 0.890 1.137 0.186–6.932
Maternal age 0.585 0.575 1.036 0.309 1.795 0.582–5.540

CALOS 0.707 0.757 0.871 0.351 2.027 0.460–8.935
HALOS 0.555 1.105 0.253 0.615 1.742 0.200–15.18

PROM 0.393 0.506 0.602 0.438 1.481 0.549–3.004

Antibiotic use prior to infection 0.283 0.783 0.130 0.718 1.327 0.286–6.159
Hospitalization days prior to infection 0.001 0.016 0.003 0.959 1.001 0.969–1.003

Central lines prior to infection 0.055 0.768 0.005 0.943 1.056 0.234–4.763

Abbreviations: IVF, in vitro fertilization; CALOS, community-acquired late-onset sepsis; HALOS, hospital-acquired late-onset 
sepsis; PROM, premature rupture of membranes.

Table 2 (Continued). 

Characteristics ESBL (+)  
(n=69)

ESBL (-)  
(n=70)

χ2/t P-value

Exclusive breastfeeding, n (%) 6 (8.7) 12 (17.1) 2.200 0.138
Central lines, n (%) 24 (34.8) 8 (11.4) 10.694 0.001

Prior antibiotics use, n (%) 39 (56.5) 16 (22.9) 16.469 0.000

Parenteral nutrition>1w, n (%) 39 (56.5) 14 (20.0) 19.647 0.000
Mechanical ventilation, n (%) 26 (37.7) 9 (12.9) 11.366 0.001

Abbreviations: IQR, interquartile range; IVF, in vitro fertilization; PROM, premature rupture of membranes; EOS, early- 
onset sepsis; CALOS, community-acquired late-onset sepsis; HALOS, hospital-acquired late-onset sepsis.
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Discussion
An increasing number of cases of neonatal sepsis due to ESBL-producing MDR E. coli have been reported 
worldwide.5,6,18,19 In this study, we collected data on hospitalized neonates with culture-confirmed E. coli infection 
and analyzed the risk factors associated with ESBL-producing strains among the neonates with confirmed E. coli 
infection. We demonstrate that E. coli remains the most common Gram-negative bacterial pathogen for neonatal sepsis, 
which is similar to the reports both from China and other countries.2,4 We further demonstrate that antepartum maternal 
exposure to cephalosporins and parenteral nutrition for longer than 1 week are strong and independent risk factors 
associated with neonatal infection with ESBL-producing stains among infants with culture-confirmed E. coli sepsis.

ESBL-producing E. coli represents a major worldwide threat among MDR bacteria in both hospital and community 
settings. ESBLs are often located on large plasmids that also harbor genes resistant to other antimicrobial classes, 
resulting in MDR isolates.19,25 Our data show that the overall incidence of neonatal E. coli sepsis in our hospitalized 
neonates was 0.65% (141/21,439) in the last 6 years and that half of those were ESBL-producing strains. The mortality 
rate in ESBL+ group was significantly higher than that of the ESBL-negative group (24.6% vs 11.4%). These findings are 
consistent with other reports that the mortality of neonatal sepsis caused by ESBL producing Enterobacteriaceae is twice 
as high as that of all other bloodstream infections.6,26,27 As a consequence, the increase in the prevalence of ESBL- 
producing Enterobacteriaceae infection is associated with significant increase in neonatal mortality.28

Previous study demonstrated that in EOS, the MDR rate was higher in preterm infants when compared to that of full- 
term infants.5 In the current study, we found that E. coli isolated from HALOS had the highest proportion of ESBL- 
producing strains, followed by EOS. E. coli isolated from CALOS had the lowest rate of ESBL positivity. By comparing the 
different types of neonatal sepsis caused by E. coli, we found that the three groups had statistically significant differences in 
gestational age, birth weight, rates of multiples, IVF, antenatal antibiotic therapy, and PROM. Giannoni et al reported that 
HALOS occurred in lower gestational age infants and CALOS was more commonly seen in full-term infants and boys,29 

similar to the findings in our study. Antenatal antibiotic therapy and PROM were more common in EOS. Multiples and IVF, 
which usually associated with lower gestational age, were more common in HALOS. A recent multicenter study across 
China also showed similar ESBL positivity rate and patterns of E. coli strains among hospitalized neonates.30

Univariate statistical analysis showed that there were differences in many variables between the ESBL-producing 
group and the ESBL-negative group. Babies in ESBL-producing group had a lower gestational age and birth weight, 
longer hospitalization time before infection, were more likely to have central lines, more often on mechanical ventilation, 
higher chance be on parenteral nutrition for more than 1 week, and received antibiotics before onset of sepsis. Babies in 
the ESBL-producing group were also more like to be a product of an IVF, to have mother’s age over 35 years, to be 
exposed to antepartum cephalosporins, and PROM. Most of the above factors were high-risk factors of nosocomial 
infection. Therefore, nosocomial infection was more common in the ESBL-producing group, while community infection 
was more common in the ESBL-negative group. Premature infants, especially those with very low birth weight, usually 
have prolonged stay in the NICU and are at increased risk for hospital-acquired infections. Most premature infants also 
have a history of antibiotic exposure. Abuse of third-generation cephalosporins and other broad-spectrum β-lactam 
antibiotics in NICUs can easily induce the production of ESBL in gram-negative pathogens, which leads to more MDR 
E. coli infections in premature infants. It has been reported that restricting overall cephalosporin use can significantly 
reduce the incidence of ESBL-producing gram-negative bacterial infection.31

Previous studies on risk factors related to ESBL-producing Enterobacteriaceae mainly focused on hospital-acquired 
infection or colonization. No comprehensive studies include analysis involving early onset neonatal sepsis and commu
nity-acquired sepsis.32–35 A meta-analysis has revealed that many risk factors were related to infection and/or coloniza
tion with ESBL-producing bacteria in NICUs.36 Interestingly, by using multivariate logistic regression analysis, we found 
that only prenatal cephalosporin use and prolonged use of parenteral nutrition were independent risk factors for MDR 
E. coli infection, indicating that most other factors that significantly differed between the ESBL-producing and ESBL- 
negative groups by univariate analysis were covariates. Indeed, the antenatal use of cephalosporins in mothers increases 
the possibility of colonization of MDR bacteria in the birth canal and increases the chance of infection of ESBL- 
producing E. coli in neonates both as EOS and LOS. A single-center study in Sri Lanka tested 159 pairs of maternal 
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vaginal swabs and neonatal perianal swabs. Random amplification of polymorphic DNA analysis revealed that 
Enterobacteriaceae with same strain type was present in 6.9% of the mother-infant pairs, indicating possible transfer 
between the mother and neonate.37 In addition, vaginal bacteria colonization by E. coli in mothers with PROM was 
significantly correlated with the microorganisms from the neonatal blood culture.38 For newborns with prolonged need of 
parenteral nutrition, most of them have a central line and are at much higher risk for infections due to bacterial 
translocation from the gastrointestinal tract.39 Restricting prenatal antibiotic use especially of cephalosporins and 
promoting active feeding strategies in premature infants to reduce the duration of parenteral nutrition may protect 
newborns from MDR E. coli sepsis.

There are certainly some limitations in our study. Limited by being single-center and observational cohort study, the 
risk factors selected for analysis are not comprehensive enough to include all possible factors. In addition, as a regional 
perinatal medical center, there are many premature infants and critical newborns which may not be universally 
representative of NICUs. In addition, the identification of specific drug resistance genes were not performed. A more 
representative multi-center study is warranted and should be conducted in the future.

Conclusion
E. coli remains the most common Gram-negative bacterial pathogen for neonatal sepsis. Higher proportion of ESBL- 
producing MDR E. coli are seen in premature infants and those newborns with HALOS. The mortality rate of neonatal 
sepsis caused by ESBL-producing E. coli is twice as high as that of sepsis caused by ESBL-negative E. coli. 
Furthermore, antepartum use of cephalosporins and prolonged use of parenteral nutrition may be important factors to 
consider in the selection of sensitive empirical antibiotics for use in neonatal sepsis caused by gram-negative rods prior to 
the availability of the results of antimicrobial susceptibility.
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